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motions of the planetary system
into one scheme; it made it
possible to predict the presence of
a previously undetected planet, in
the effort to explain the fact that
deviations from the simple ellipse
were occurring in the orbit of
Uranus. The discovery of Neptune
revealed the source of disturbance.
Here is illustrated a principle of
scientific method whereby an in-
duction or generalisation drawn
from past experience is used to
deduce or predict a new occurrence
and so to stimulate experiment in
the effort to verify the deduction.

Again, the explanation of tidal
phenomena followed at once from
the law of gravitation, for under
the attraction of the sun and the
moon the waters on the earth
would tend to be heaped up or
drawn out from the surface, so
that, as the earth rotated, high
tides would appear at these points
of heaping. When the sun and
moon were so situated that they
combined their attractive effects on
the waters of the earth, spring tides
would result, and when- they tend-
ed to neutralise each other, neap
tides would occur.

Problems of Gravitation

Firmly established as the law of
gravitation was, it nevertheless
stood in peculiar isolation from all
corresponding phenomena. In
some mysterious way it operated
across the empty space between
bodies, and seemed to require no
medium for its transmission. It
did not have a " speed of action "
like the speed of light or of elec-
tromagnetic waves; it acted in-
stantaneously. It could not be
deflected or shielded by any bar-
rier, though one could erect a
shield or insulator against electrical
or magnetic force. The law, more-
over, was deficient in certain
respects ; for example, the planet
Mercury showed a progressive
change in its orbit which defied all
explanation in terms of gravita-
tion. In spite of its success the
law was basically unsatisfactory.

The solution of the mystery
came almost as a by-product of
another branch of physical science.
Early in the 20th century scien-
tists were faced with the inescap-
able fact that the speed of light,
as measured by an observer on the
earth's surface, is always the same
whether the earth is moving to-
wards the light source or away
from it. This contradicted libe
most elementary preconceived no-
tions of time and space. It was
as if the speed with which a train
appeared to approach an observer
was independent of whether he

were approaching or receding from
the train. Preconceived notions
assumed that time and space were
independent features of nature,
and that the geometrical proper-
ties of bodies in this physical
space were consistent with Euclid's
propositions.

Newton's and Einstein's laws

Einstein, in two important pro-
nouncements in 1905 and in 1920,
broke away from these assump-
tions, and, starting with the experi-
mental fact that the speed of light
was constant to all observers irre-
spective of their motion, showed
that one was led to a linked space-
time unity with such geometrical
properties that bodies moving
freely in each other's presence fol-
lowed natural paths corresponding
to the actual paths of the planets.
Thus the geometry of physical
space was such that masses moved
as if they were attracted to each
other according to a law closely
akin to Newton's. Einstein's modi-
fied gravitational law satisfied all
the known experimental facts,
resolved the difficulties associated
with Mercury, and enabled scien-
tists to make other predictions con-
cerning the behaviour of light which
have since been verified. He re-
moved the law of gravitation from
its anomalous position, reducing it
virtually to a property of
physical space. In Feb., 1950, he
published a further generalisation
of his theory of gravitation to take
in also the electro-magnetic forces
covered by his unified field theory
of 1929.

Gray, DAVID (1838-61). British
poet. Born near Kirkintilloch,
Dunbartonshire, Jan. 29, 1838,
the son of a hand-loom weaver, he
was educated at Glasgow univer-
sity. In 1860 he came to London
with Robert Buchanan. He died
Deo. 3, 1861, of consumption, de-
veloped from a cold caught from
spending his first London night in
Hyde Park. His best work is his
sonnet sequence, In the Shadows.

Gray, ELISHA (1835-1901).
An American inventor, born at
Barnesville, Ohio, Aug. 2, 1835.
In 1867 he brought out a patent for
an improved telegraph apparatus,
and nine years later filed specifica-
tions for the telephone, which he
claimed as his own invention. The
UJS. supreme court, however,
awarded the patent to A. G. Bell.
Gray died Jan. 21, 1901.

Gray, THOMAS (1716-71). Brit-
ish poet. Born in London, Dec.
26, 1716, the fifth child and only
survivor of twelve, he' was edu-
cated at Eton, where he was a
school friend of Horace Walpole.

After four years at Peterhouse,
Cambridge, where he went in 1734,
Gray accompanied Walpole on a
three years* tour of the Continent.
The scenes of travel made a deep
and lasting impression on Gray's
mind, though the end of the tour
was marred by a quarrel between
the two friends, each returning
home alone. Shortly afterwards,
in 1742, Gray went back to Cam-
bridge to resume the classical
studies he loved, and in Cambridge,
first at Peterhouse and afterwards
at Pembroke, he made his home
for the rest of his life, save for
brief periods, as, for instance,
when he visited Scotland in 1765.

After J. G. Ecearrfi in the
Hat. Portrait Gallery
In 1757 he was offer-
ed but declined the
poet laureateship, and in 1768
became professor of modern his-
tory at Cambridge.
Apart from translations from
the classics, Gray's first poem was
the Ode to Spring, followed by the
Ode on a Distant Prospect of Eton
College and the Hymn to Adver-
sity; all these appeared in 1742.
In 1747 appeared the Ode on the
Death of a Favourite Cat, an
earnest of his renewed friendship
with Walpole, to whom the cat
belonged. Three years later came
the Elegy Written in a Country
Churchyard. The inspiration came
from the churchyard at Stoke
Poges (q.v.), and the poem, made
familiar by many quotations, is
one of the most beautiful and ex-
quisitely finished ever written.
Other well-known poems are The
Progress of Poesy, 1754, a magnifi-
cent piece of work written in the
so-called Pindaric metre; The
Bard, 1757; The Fatal Sisters,
1768 ; The Descent of Odin, 1768.
The two last were the fruits of the
Norse and Icelandic studies which
occupied his later years.